This paper presents the results of the archaeometric study of 30 grinding tools found in the
INTRODUCTION
Grinding tools represent a class of materials of wide geographical distribution and long diachronic presence, accompanied by relatively few morphological changes through time. Nevertheless, a general distinction between manual grinding tools and rotary querns is possible, and it would reflect a chronological difference, rotary querns having appeared and spread rapidly only in the Roman period ( Thorpe-Williams 1988; Kardulias and Runnels 1995) .
As for manual grinding tools, numerous technomorphological studies, often based on ethnographic data and use wear analyses, have produced typologies that, in spite of some differences, recognize saddle-querns as one of the basic forms. Saddle-querns are composed of two stones: an active implement-usually called a handstone-worked with a linear movement of the hand(s) on a passive surface-a grinding slab or grindstone (Curwen 1937; Storck and Teague 1952; Roux 1986; De Beaune 1989) . This class of artefacts can also be studied from a different viewpoint, through archaeometric analyses aimed at determining the source of provenance of the rocks used to manufacture them, and on this basis recognizing possible ancient exchange 538 F. Antonelli et al. and trade networks (see, e.g., Peacock 1980 Ferla et al. 1984 ; Thorpe-Williams 1988; Thorpe-Williams and Thorpe 1988 , 1990 , 1993 . Such studies have been carried out in recent years in different regions of Italy (see, e.g., Cattani et al. 1997; Antonelli et al. 2000 Antonelli et al. , 2001 Capedri et al. 2000; Lorenzoni et al. 2000a,b) , but only a few materials of Roman age from Friuli Venezia Giulia and the adjacent territories have been analysed so far (Lazzarini and Z upan c i ç , pers. comms).
MATERIALS AND METHODS
The archaeometric approach has been chosen to study a sample of 30 ground stone tools made of volcanic rocks from eight protohistoric sites, four located in the Trieste Karst (northeastern Italy), one in inner Slovenia and three in Istria (Croatia) (Fig. 1) . All of the sites are castellieri -that is, settlements enclosed by dry-stone walls-built on hilltops from the Middle Bronze Age to the Late Iron Age, but often also reused in historical times. The c astellieri were first identified and surveyed in the last decades of the 19th century (Marchesetti 1903) , but systematic investigations have only been carried out since the second half of the 20th century, and only at a limited number of sites ( Preistoria del Caput Adriae 1983; Karou ß ková-Soper 1984; Il civico museo archeologico di Muggia 1997; Carlo Marchesetti e i castellieri -1903 -2003 2003 .
Unfortunately, the ground stone tools examined in the present study do not come from stratified deposits, but from surface collections (Marchesetti 1903; Bernardini 2002) : their chronological attribution is consequently rather uncertain, as the whole period of use of the site of provenance, including isolated episodes of occupation in historical times, must be taken into consideration.
From the morphological viewpoint, all of the pieces would belong to saddle-querns, with the exception of three rotary querns (in one case-CP5-the attribution of the fragment to a rotary quern is based mainly on lithological grounds; affinity with the other samples). The bad state of preservation of most saddle-querns, which have often been reduced to very small fragments, prevents us from proposing any typological scheme; however, handstones can be distinguished from grinding slabs in few cases (the latter apparently show either an oval, elongated shape-CSL2, which is comparable with type A of the typology proposed by Cattani et al. (1997) -or an irregular, rectangular one-CG3 and CP1). A generic attribution to the category is nonetheless more frequent (see Table 1 and Fig. 2) , and even this is sometimes uncertain.
The petrographic features of the grinding tools are reported in Table 2 , whereas the major and some trace elements (Rb, Sr, Y, Zr, Nb, V, Pb, Th, Hf and REE) of 22 of them, determined at the Activation Laboratories LTD (ACLTABS) of Ancaster (Ontario, Canada) by inductively coupled plasma-mass spectrometry (ICP-MS), are listed in Table 3 . The precision and accuracy of the chemical element determinations have been reported by Capedri et al. (2002) .
PETROGRAPHIC AND GEOCHEMICAL RESULTS
Most analysed stones are intermediate lavas (SiO 2 52-66 wt%) which, according to the usual schemes of classification (Le Maitre et al. 1989; Fig. 3) , are classified into two different groups: (i) transitional trachytes and (ii) basic lavas (SiO 2 < 45 wt%)-two hawaiites (CSL6 and CSM1) and two mugearites (CSD1 and CP02) ( Fig. 3) : (i) The trachytes used for protohistoric grinding tools (Table 3) share similar petrographic features: they are grey-brown to brown-reddish, mildly vesiculated and porphyritic (P.I. 5-20, usually 6-10) with phenocrysts of euhedral plagioclase, anhedral to subhedral anorthoclase and skeletal biotite (Fig. 4 (a) ), besides zircon and apatite as accessories, in a hyalopilitic matrix. The latter is composed of microlites of sanidine-plagioclase-opaques ± interstitial quartz and minute interstitial brownish glass (in order of decreasing abundance). On the contrary, Roman rotary querns CP5, CP6 and CP7 (Table 2) are greyish, more strongly porphyritic (P.I. 22-28) and slightly seriate in texture, with phenocrysts composed mainly of euhedral to subeuhedral plagioclase and anorthoclase, besides more rare biotite and clinopyroxene as phenocrysts; zircon, apatite and opaques are primary accessories, whereas chlorite is an alteration product. These same phases, plus or minus interstitial accessory quartz, compose the felsitic groundmass.
(ii) The basic lavas (hawaiites CSL6 and CSM1, mugearites CSD1 and CP02; see Tables 2 and 3) are petrographically very similar. They are greyish in colour, slightly vesicular and porphyritic 540 F. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Phenocrysts-composed of euhedral labradoriticbytownitic plagioclase (An 65-75%; optical determination), euhedral-subhedral light green clinopyroxene, euhedral olivine altered into iddingsite and opaques minerals-are in an intergranular groundmass made of the same minerals, besides K-feldspar (in mugearites).
PROVENANCE
Petrographically, the protohistoric and Roman trachytic grinding tools are comparable-as to modal composition, texture, K 2 O/Na 2 O ratio and presence of Q and Hy in the CIPW norm (Tables  2 and 3 and Milani et al. 1999) -to the Na-trachytes of the Euganean Hills, a Tertiary volcanic Porphyric index 10-18% 
Oxides ( 
complex close to Padua in northern Italy. More precisely, they have much in common with the petrography of the trachytes from the Monte Murale and Monte Rosso quarries, respectively (Capedri et al. 2000) . The similarity with the Euganean rocks is strengthened by the distribution and profiles of both incompatible and rare earth elements of most archaeological samples ( Fig. 5 (a) ). Four items (CSL1, CSL3, CS1 and CS7), however, have light REE concentrations that are higher than those of the Euganean trachytes (Fig. 5 (b) ) and show a negative Ce anomaly. This feature implies the fractionation, at variable proportions, of one mineral phase concentrating Ce in respect of La; allanite-which is commonly enriched in Ce-has been reported in some Euganean trachytes where a negative Ce anomaly has also been documented
Figure 2 Some of the grinding tools examined in this study: CG1 and CSL3, handstones; CSL2 and CG3, grinding slabs; CSL6, fragment of a grinding slab(?). All of the artefacts are made of trachyte, with the exception of CSL6, which is made of hawaiite (drawings by M. Mondo).
( Capedri et al. 2000 and unpublished data) . As a matter of fact, the Euganean Hills are the only possible geological source for the trachytes used to manufacture the ground stone tools analysed in this study: in Italy, trachytes actually occur in two other localities, Monte Amiata in Tuscany (Giraud et al. 1986 and references cited therein) and Monte Arci in Sardinia (Montanini 1992) , but those rocks are very different, both petrographically and chemically, from the present archaeological samples. Within the Euganean provenance, we can try to identify the sites exploited for the production of grinding tools pertaining to that volcanic complex using diagrams proposed for the discrimination of the Euganean quarries (Capedri et al. 2000) . As shown in Figure 6 (a), which relates Th to Sr, protohistoric saddle-querns fall into field 3 , which is defined by the Monte Altore and Rocca Pendice rocks. Only samples CS3 and CS4 fall far outside the fields defined by the Euganean trachytes; as a matter of fact, they compare chemically, particularly in their Sr concentrations, to the alkaline trachyandesites (latites) of that magmatic complex (Milani et al. 1999) . Therefore, their provenance cannot be inferred using the diagrams of Figure 6 . Since Monte Altore could be accessed and exploited from the plain more easily than Rocca Pendice, which is quite some way inland, we might consider this area as the most probable source for all of the present protohistoric trachytic materials. Nevertheless, on the basis of the chemical data, these areas that are connected to the above localities partly contradict the petrographic results, and may be confirmed only by additional investigations on a larger number of reference samples. Conversely, in Figure 6 (a) the three Roman rotary querns fall into field 4, which is defined by trachytes from various localities (Capedri et al. 2000) , including Monte Rosso. The provenance from Monte Rosso, which was among the most important Euganean quarries in Roman times (Zantedeschi and Zanco 1993; Renzulli et al. 1999) , is suggested by the petrography and strengthened by the Zr/TiO 2 ratios (Fig. 6 (b) ). As far as the archaeological pieces made of basic lavas are concerned, an extensional within-plate regime for the generation of the related magmas is constrained by the determined Th/Nb ratios (see, e.g., Fig. 8 of Beccaluva et al. 1991) . Among some important within-plate basic volcanites of the Mediterranean, the basalts of Monte Etna, in Sicily (Cristofolini and Romano 1982; Cristofolini et al. 1991; Corsaro and Cristofolini 1996) are those that best fit the petrographic (Table 2 ) and geochemical (Table 3 and Fig. 7 ) characteristics of the studied grinding tools. On the contrary, the alkali basalts of possible alternative sources, such as the Venetian Magmatic Province (De Vecchi et al. 1976; Milani et al. 1999) , the Carpathians and the Pannonian Basin (Embey-Isztin et al. 1993; Ivan and Hovorka 1993; Dobosi et al. 1995; Harangi et al. 1995) are quite different in terms of petrographic and chemical compositions (Figs 7 (b) and 8) . Therefore, we suggest Mount Etna as the most probable source exploited for our materials.
CONCLUSIONS
The results of the petrographic and geochemical analyses are important for the archaeological interpretation of the artefacts and, more extensively, of the sites of discovery.
The fact that 26 out of the 30 grinding tools are certainly made of trachytes from the Euganean Hills would indicate a preferential source of procurement of the raw materials used to produce them, although not the exclusive one: volcanic rocks of different origins and sedimentary rocks (unpublished data) are in fact also documented.
mm). (A) An aspect of a trachytic saddle-quern (sample CPO1): plagioclase (pl) and biotite (bt) phenocrysts are set in a microcrystalline-pilotaxitic groundmass (gdm). (B) An aspect of a trachytic rotary millstone of Roman age (sample CP5
We cannot say whether or not these different raw materials were used contemporaneously, because all of the pieces have been found out of stratigraphic context, and their typological characteristics are not sufficiently clear to be discriminative in terms of chronology (apart from the rotary querns of Roman age).
Nevertheless, if we focus not on the single pieces and their possible associations, but on the groups of artefacts (or fragments of rocks) with the same petrographic nature, we can try to restrict the period of their introduction into the local contexts, and of their probable use, by turning to indirect evidence. In the case of the saddle-querns (or fragments attributed to saddle-querns), whose likely origin is in the Monte Altore and Rocca Pendice areas of the Euganean Hills, we know that similar artefacts have been found at various sites in northern Italy dated from the seventh to the fifth century bc (Cattani et al. 1997) ; the time-span is even shorter-from the sixth to the fifth century bc, when one specific type is considered (type A of the typology of Cattani et al. 1997, CSL2 in the samples under examination). We also know that the exploitation and trade of trachytes from the Euganean Hills were controlled by the Veneti, a very important population group who were very influential in the northern Italian regions and beyond.
The presence in the Karst and in Istria of other exchanged or traded objects produced within the same Venetic area could further support the cultural and chronological connections suggested by the grinding tools. For instance, fragments of situlae have been found in the castelliere of Monrupino (Lonza 1972; Maselli Scotti 1983 )-where a saddle-quern is also documented-as well as in other four castellieri of the Karst: Rupinpiccolo (Maselli Scotti 1983) , Sales (Cannarella 1981) , Cattinara (unpublished data) and S. Canziano (Turk pers. (Capedri) . Normalizing values from Anders and Grevesse (1989) multiplied by a factor of 1.36 as proposed by Korotev (2000) . comm.). Situlae-that is, fine red-and-black-striped vessels-are a typical pottery product of the Venetic area from the end of the seventh to the fifth century bc (Este III B2 -Este III C) (Fogolari and Prosdocimi 1987; Capuis 1993; Peroni 1996) . These data would indicate that this part of Caput Adriae (i.e., the regions bordering the northeastern Adriatic Sea) already had direct or mediated contacts with the Veneti towards the end of the seventh century bc.
Figure 5 The REE distribution of millstones (grey) and of Euganean trachytes (stippled): (A) protohistoric and Roman grinding tools; (B) grinding tools CSL1, CSL3, CS1 and CS7, showing Ce anomalies (grey field). The REE data of Euganean rocks are unpublished data
Saddle-querns, in the form of either finished tools or raw materials for local manufacture, might have been part of the same mechanisms of contact, moving along the same routes to the Karst and possibly beyond. The intensity of these contacts might have decreased with increasing of distance from the source, as the present data seem to suggest: 19 out of the 20 grinding tools of volcanic rocks found in the Trieste Karst would seem to come from the Monte Altore and Rocca Pendice areas of the Euganean Hills (19 out of the total 24 samples of this lithology), while this type of rock represents slightly more than 50% of the exotic materials at two Slovenian and Croatian sites (the castellieri of Povir and Pizzughi II) and is totally absent in the remaining two (the castellieri of S. Dionisio and S. Martino). However, more evidence is needed to check this last hypothesis. Capedri et al. 2000) . Thorpe-Williams and Thorpe 1990; B modified Embey-Isztin et al. 1993; Ivan and Hovorka 1993; Dobosi et al. 1995; Harangi et al. 1995) . 'Mongibello Recente', Etna (data from Cristofolini et al. 1991) ; squares, hawaiites, mugearites and basalts from the Venetian Magmatic Province (data from Milani et al. 1999) ; diamonds, hawaiites, mugearites and basalts from the Pannonian Basin and Carpathian Arc (data from Embey-Isztin et al. 1993; Ivan and Hovorka 1993; Dobosi et al. 1995; Harangi et al. 1995) .
Figure 7 The distribution of Zr and V (A) and of Ni and Sr (B) of some important Mediterranean within-plate volcanites (from
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The present lack of materials coming from the other Euganean area of Monte Rosso in the Karst-the only three pieces attributed to this source have been found in the castelliere of Pizzughi II-does not exclude the possibility that this area acted as an intermediary (but certainly makes it weaker). Moreover, the likely attribution of the three fragments of rotary querns to the Roman age would indicate that the connections between Veneto and the regions to the east operated over a long period, from the late protohistoric into historical times, although presumably with some form of continuity.
As far as the two hawaiite and the two mugearite fragments are concerned, we can tentatively assume that they reached Caput Adriae through maritime routes no earlier than the sixth century bc. In fact, recent studies by Lorenzoni et al. (2000a,b) indicate that hawaiites and mugearites from Mount Etna reached Puglia and the neighbouring areas from the sixth century bc onwards: this phenomenon would correspond to an increase and a diversification in the exploitation of volcanic sources, as well as to an extension of the trading connections, particularly those by sea. These data, together with the fact that the relations between southern Italy and the northeastern Adriatic coast are also demonstrated by other materials (see, e.g., Mihoviliç 2001), could support our hypothesis that the fragments interpreted as parts of saddle-querns reached the area under investigation at some time in the late protohistoric. 
